in the CO2 incubator.
After completion of the digestion, cells were incubated for another 30-60 mm in the CO2 incubator (preplating).
The cell suspension was centrifuged at 250 rpm (i2Xg). The pellet was resuspended in 10 ml culture medium (DMEM, iO% inactivated horse serum, 2% chicken embryo extract (Gibco BRL), 2 mmol/l glutamine, 100 p.g/ml streptomycm, and 100 U/mI penicillin G (Gibco BRL), recentrifuged at 250 rpm, and finally resuspended in culture medium at 2-3 X 10 cells per ml.
Casting

cardiomyocyte-populated collagen gels
The principal technique is shown in Fig. la (9 Isometric force measurements After 6-11 days in culture, the gels were removed from the culture dish, the spacers were withdrawn, and one of the glass tubes was mounted on a fixed electrode (Fig. 1b) sion and reshaping of the gel from an original size of (thickness X width X length) 5 X 13 X 15 mm (1 ml drop) to biconcaval CMPMs, with an average size of 0.18 ± 0.06 mm (n=25) X 6-10 X 15 mm. Thus, the initial drop formed a stable tissue spanning the gap between the two glass rods (see Fig. 1 a, Fig. 11 a) (Fig. 2c-f ). Some nonmuscie cells lay intermingled with cardiac myocytes.
By electron microscopy ( Fig. 3) of the tissue showed a characteristic concentration of longitudinally orientated cells at the free edges of the gel, forming a structure comprised of several cell layers similar to embryonic heart tissue ( Fig. 2a, b) . In the central region, cells were less concentrated and less regularly orientated, forming a loose reticular network (not shown).
Cross sections parallel to the glass tubes confirmed the cell concentration at the free edges as a thick, caplike multicellular layer with transition to a thinner (1-3 cells thick) but still continuous cellular cover at the surfaces of the central parts of the gels (not shown).
In immunohistochemical stains, more than 80% of the cells showed a typical marker spectrum of cardiac myocytes: muscle actin (Fig. 2c, d ), cx-sarcomeric (cardiac and skeletal), actin (Fig. 2e) , and sarcomenc ct-tropomyosin (Fig.  2] ). Of these, about 30-50%
were elongated cell fibers with clear cross-striation (Fig. 2d) than threefold, from 4 to 14 .i.g per CMPM (Fig. 4b) . In addition, the total number of nuclei (counted by fluorescent stain) remained stable between 240,000 and 360,000 per CMPM (not shown). Fig. 5a ). Preparations could be plitude from 0.09 ± 0.006 mN to 0.2 ± 0.01 mN (n=69; Fig. 7 ). Further stretching decreased twitch amplitude.
Contractile behavior
Baseline parameters
Thus, the CMPMs exhibit a positive length-tension relationship (Frank-Starling mechanism), which is characteristic of heart tissue. To differentiate how much of the resting tension was due to passive elements (matrix) and how much due to active forces, CMPMs were stretched to Lmax and then exposed to 2 Rmol/l cytochalasin D, an agent known to disrupt nonsarcomeric actin organization (Fig. 8) . Cytochalasin D markedly reduced resting tension from 3.1 ± 0.1 to 1.31 ± 0.11 mN (n=26). to 12.6 mmol/l resulted in a marked and highly reproducible increase in twitch amplitude (0.11±0.013 to 0.34±0.05 mN; n=33; Fig. 10 ) without a change in resting tension. The increase reached its maximum in about 3 mm and was completely reversible after washout in about 10 mm. CMPMs also showed a slowly developing positive inotropic response to cumulative addition of the digitalis glycoside ouabain (0.1 to 10 j.tmol/l) that was reversible after washout in about 60 mm (not shown).
The response of CMPMs to the 3-adrenergic agonist isoprenaline was complex (Fig. 5) . As expected for heart muscle, isoprenaline (10 imol/l) increased beating frequency by 24.7% (51±6 to 64±6 bpm, n = 13, Fig. 5) (Fig. 1 1D) . The concentration of longitudinally oriented cells at the free edges ( Fig. 1 1A) was reflected by the higher number of 13-galactosidase-positive cells (Fig. 1 1B) . 
DISCUSSION
